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The kinetics of the distribution and excretion of lead (210Pb) were studied in rats for 14 days after single intravenous injections of 100 ,ug. of lead per rat.
The results show that in the blood the lead is bound mainly to the cells, and that the ratio of lead in the cells and plasma is constant throughout the whole period. 210Pb is rapidly distributed in the tissues, the highest concentrations being in the kidneys, liver, and bones.
The kinetics of the disappearance of 210Pb from the organs and tissues follow the pattern of first order reactions. The disappearance curves in the blood, plasma, haematic cells, and some other tissues can be expressed as sums of exponential functions. In contrast, the removal ofmetal from the bone tissue occurs at a constant and extremely slow rate.
The metal is excreted by the faeces and urine. The rates reach their maxima within 24 hours and decrease asymptotically afterwards. More 2?0Pb was excreted in the faeces (35 7%) than in the urine (15-9 %) during the 14 days of observation.
In lead poisoning the absorption and distribution of the metal and the mechanism and rates of its excretion are all open to discussion. Mortensen and Kellogg (1944) , Schubert and White (1952) , Calhoun, McLean, Hudson, and Aub (1954) , and Miani and Viterbo (1958) studied its distribution in various mammalian species using radioactivelead(radiumD) and found that in blood lead is mainly bound to the cells and is also fixed in the liver, kidney, and bone. It is excreted in the faeces and urine. These authors do not provide much evidence about the rates of distribution and excretion.
Our knowledge of lead metabolism also is incom- Teisinger (1935) found that lead formed an organic complex. At present it is believed that lead is bound mainly to the erythrocytes (Mortensen and Kellogg, 1944; Schubert and WVhite, 1952; and Teisinger, Zumanova, and Zezula, 1958) , but the nature of the binding is unknown. In the urine also the lead is excreted in various forms. Nelson and Hamm (1958) consider that it is ' bound as a strong neutral or negatively charged chelate or complex ', while according to Dinischiotu, Nestorescu, Radulescu, Ionescu, Preda, and Ilutza (1960) in the urine of normal subjects it is excreted in a precipitable form, but in subjects exposed to lead-with or without signs of intoxication-it is excreted in both precipitable and non-precipitable forms. The precipitable form is ionic, probably as lead phosphate, whereas the non-precipitable form is in some organic combination. The fact that lead is found in different states of combination shows that its metabolism is complex, and it is reasonable to expect that this will be reflected in complex kinetics of distribution and excretion. Our aim has been to determine the rates of these processes in order to throw some light on metabolism. group.bmj.com on September 29, 2017 -Published by http://oem.bmj.com/ Downloaded from activity of 50 mC/mM. For injection this was diluted with 0-0001 N acetic acid in 0-9 % NaCl in water. Activity determinations were carried out employing a well type crystal scintillation counter (Nuclear, Chicago) by estimating the y-emission of 2t0Pb. This is a weak radiation (0 047 m.e.v.), and efficiencies were about 2%. By using a radiation analyser interference from the accompanying ,B emission was reduced. In each experiment all count rates were referred to a standard prepared from the batch of 2"'Pb acetate used.
Treatment of Rats.-Injections were intravenous into the femoral vein under ether anaesthesia. In the main series of experiments each rat was given 0-2 ml. of lead acetate solution, pH 4-7, containing 100 ,ug. of lead and enough 21'Pb to record about 106 counts/min. (0-94 to 11 x 106). Groups of five rats were killed at intervals up to 14 days after injection. Two groups of three rats were given only 0-7 ,tg. of lead each, in 0-2 ml. of lead acetate solution, pH 5 6, recording about 7,000 counts/ min. These rats were killed after one and 24 hours. During the experiments the rats were kept in individual metabolism cages for separate urine and faeces collection.
Analytical Methods.-Blood was taken by heart puncture with a heparinized syringe. A portion of it was centrifuged and separated into plasmatic and cellular components. The volumes of blood, plasma, and erythrocytes were calculated from the haematocrit values by the formulae: The following tissues were obtained at necropsy: striated muscle (adducer and extensor of the thigh), liver, kidneys, lungs, spleen, heart, femur, and scapula. The remaining parts of the animal (referred to as the carcass), skeleton, tendons, muscles, muscular fascine, fur, nervous tissue, etc., were hydrolysed in hot NaOH (33 %). The whole gastrointestinal tract (from the stomach to the anal orifice) with its contents was hydrolysed separately in the same way. The faeces and urine were collected and the faeces were dried in a stove for 24 hours at 100°C. and then pulverized. For counting, aliquots of the NaOH solution or urine were taken. Of the remaining tissues and the faeces powder the specimens themselves were counted, taking the same amount each time to minimize variations due to differences in geometry in the counting set-up.
Kinetic Analysis.-The variation of concentration with time in tissues was usually complex (Figs. 1 to 7) but could be satisfactorily reproduced by equations consisting of the sum of exponential terms, i.e., conc. = LAe -xt, where the constants, As and as, were calculated from the results by the standard 'curve-stripping' method (see, e.g., Sheppard, 1962 The curves for disappearance of 210Pb from the biological material examined could be expressed by sums of exponential functions (Figs. 1 to 7) , mostly with two or three terms. The biological half-lives of the successive stages were 3 to 8 hours (phase I), 22 to 30 hours (phase II), and 192 to 610 hours (phase III). In the bone tissue, however, the 210Pb disappeared at a slow and constant rate. The curve consisted of one exponential only, and the biological half-life was 70 days (Fig. 8) .
In order to find out whether the removal of 210Pb from the tissues depends on the dose given, two groups of rats were injected with a very low dose of Table 3 shows a big decrease in the metal concentration in the different tissues, after from one to 24 hours, rather similar to that found in rats given 100 itg., i.e., the kinetics were independent of the dose.
Excretion of 210Pb.-Lead was excreted in both the faeces and urine. One hour after injection the urine of two rats contained 0-27 and 0-29 Y. of the dose respectively. In this time no lead was found in the faeces, but that found in the gastrointestinal tract probably represented metal excreted through the bile (Fig. 9) . Accordingly, at short times after injection the variation with time of the radioactivity in the tract is similar to the variation with time of the 210Pb excreted in the faeces (Fig. 9) when allowance is made for the time needed for the metal to pass through the intestines.
Concentrations in the faeces and urine reached a maximum at 12 to 24 hours, were maintained for 72 to 96 hours, and then decreased asymptotically, following the same course (Fig. 9) . Over the whole 14 days the faecal excretion of 210Pb was 35-7 % (fiducial limits 30-4 to 40-1 %) of the total dose, and was over twice the amount excreted in the urine (l5-9%, fiducial limits 13-0 to 18-8%). The total excreted was thus 51-6 % of the dose (Table 4) .
After a low dose of 0-7 ,ig./rat the percentages excreted in the urine and faeces and found in the gastrointestinal tract were similar to the corresponding percentages for rats given the larger dose (Table  3) . Again, the dose did not affect the kinetics. 
Discussion
In the blood, 96% of the lead was bound to the cellular elements and 4 % was in the plasma. The ratio was constant during the whole period of observation. These results agree with those obtained by Mortensen and Kellogg (1944) in the dog and by Schubert and White (1952) in the rat.
The study by Mortensen and Kellogg of the haematic distribution of 210Pb in relation to the injected dose (0-1 to 100 mg. per animal) and to the time elapsed since the injection (from 15 minutes to 192 hours) showed that, with doses not higher than 5 mg. per dog, 98 % ofthe haematic metal was present in the cellular fraction, and throughout the experimental period. With higher doses (30 to 100 mg. per dog) 40% was initially bound to the cells, but after 24 hours 98 % was bound, indicating a more rapid decrease of the concentration in the plasma. Thus metal passes from the plasma to the cells of the blood and of the other tissues. Our results are in agreement with the findings of Schubert and White (1952) . These authors observed that in the rat 25 minutes after the intravenous injection of 0-2 to 0-6 mg. of carrier-free 210Pb, 10% of metal was present in the blood, mainly in the cellular fraction, whereas with a dose of 1-03 mg. of lead, 6% of the dose was bound to the haematic cells and 22% was present in the plasma. Thus. lead is bound in the blood mainly to the cells and is only found in appreciable quantities in the plasma after very high doses. Table 2 shows that in the rat lead has a wide distribution. A few hours after injection the metal group.bmj.com on September 29, 2017 -Published by http://oem.bmj.com/ Downloaded from almost disappeared from the plasma, but more remained in other tissues. The highest concentrations were found in the renal tissue and in a decreasing order in the hepatic, pulmonary, splenic, cardiac, and striated muscular tissues. These data agree with the previous observations of Schubert and White (1952), Calhoun et al. (1954) , and Miani and Viterbo (1958) .
The kinetic analysis shows three types of curve for the disappearance oflead from the tissues and organs.
From bone removal is slow and can be represented by a single exponential function over the limited time range studied. The 14-day period of observation is too short in comparison with the biological half-life of 70 days for any detailed conclusions to be drawn. The slow removal may result either from very firm binding of lead to the bone constituents or from the slow metabolism of bone. The skeleton constitutes about 10% of the body weight. The present results indicate that 40 to 50% is held in the skeleton and is only removed very slowly.
In liver and kidney, the disappearance curves can be represented as the sum of two exponentials, and in the other tissues by the sum of three exponentials. The latter type of curve could be explained by a model such as that in Figure 10 . The ionic lead injected can be supposed to enter the extracellular space very shortly after injection. It is then lost from this partly to blood and partly to the intracellular space. 
